Semiconductor Integration Circuit (the KR Laid-Open NO. 1997-131176) 

In accordance with the present invention, a bias voltage control circuit of a ring 
oscillator circuit 103 includes a bias voltage adjustment circuit provided with a variable 
resistor. The bias voltage adjustment circuit adjusts bias voltage values of a high 
electric potential side bias voltage output circuit 106 and a low electric potential side 
bias voltage output circuit 107 according to a VCC between the high electric potential 
side bias voltage output circuit 106 and the low electric potential side bias voltage 
output circuit 107 or a temperature. The variable resistor and a VCC voltage divider 
are formed between the high electric potential side bias voltage output circuit 106 and 
the low electric potential side bias voltage output circuit 107. With use of the variable 
resistor, a bias voltage of the ring oscillator circuit 103 can be properly controlled 
according to each specific condition. 

Accordingly, if the ring oscillator circuit 103 is used for . an automatic self 
refresh function of a PSRAM, an increase in a frequency of a refresh operation per hour 
caused by an increase in the VCC can be prevented. Furthermore, because of the 
temperature dependency variable resistor, a resistance value decreases with respect to a 
temperature increase. Thus, it is possible to set an oscillator frequency that can 
guarantee a paused circuit operation for a predetermined time. Also, the present 
invention can provide the ring oscillator having a less power dependent ring oscillator 
frequency and a certain temperature characteristic and reduce the current consumption. 

S Wt^efi ' Bli Cyde Adjustment Dcvlem of Senili ' uiiduiaurDevlie 
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The presen^S*^^gntion relates a self refresh cycle a#«stfnent device of a 
'semiconductor device. The^Jlfce^Qtinvention forgj^rtemperature detecting means 
capable of detecting a temperature witho^essj^mg any changes in a power voltage by 
using a^ temperature charactm§tie^5Fa power vmtS^^eneration circuit to prevent a 
current consumptioij^aflSed by quickly driving a self refresh^^^dynamic random 
accessmgjJKfffip Thus, it is possible for the present inventlOI^!»^ l 4djust the 

nn j r ^' f , nri11 n 3 mln nt n tempeffttwe n i iin1 tn n - ™ n " n thnn n sp rt rifir temperature. 
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NMOS £^1x^(22)21 ±^E2tt°! £ gXia*l2|- £5S«teXK23)2| 732*1 § 9*B2| AhOIOfl 2^ 
EISA! =30321- ?IIO|M= E^fEICH 2i2 3 S*SS NM0SMa!XI±Ei(12, 14, 16, 18, 20)21 TIIOIMOil 
g^EIOTSlEK 

Ol^ -ffS =?m ?>S 111= Q-§2F ftOI SSfTiQ. 

XI3 (HI3CH, e!mE1SSflV.1:)2|-:a»B(s # kErid1)0)| L(£3EHU)0| gJ§3S 32£ *JQ. 3E13, °! 
H1E1SIS(IV1)2| gqS2K2!H)E1SIS(IV2)2| a»32F2| g^g°! kE nd2= H(§I0IEII1 )£ #6S|- 
CM, 01 Oil iSi(^ib)SilAI 2!H)Ejal(iN2)2j °jfcHEia£(IV3)2| fijsi&»2| g*s?g°! 

irS(hd3)e E SIStlQ. .ORSJWS kE(hd4)= H, kE(nd5)= LS EIEI3 t!Q. 0|2> ITS 
kE(ndl)! AIS££*I-A| kE(nd5)g.SS£3 Sfe 34133 S5fg lAHJISStJ- 3? Qs AFOIMOU 
A|=.k£(ridl)=I!XI AK3ll2h= WCH2I HS ,a-OUJBtt)S'raa fiCK 3 12K PS kE(nd2nd5)E St 

a«iaji=tfcj.,;oia • .»s 'Attiraeii -ema 12F 3 zj- iE(ndind5)(HAi2j #^2ai^es mm 

?il^2| as?r2j.kE(nd1na5)S^E1 2 01 XI 711 

ZiaOl, PMOS eehXI a E |(21) S NMOS M?HA|^E1(22)2j ^qiE(nd21,nd22)2| 73t > ^7}(23)2| 
331011k 3Uiai*JD. HFSI-AI 73#iAK23)SI H7|0|| GiSt Oil iE(nd21,nd22)2J 2?ie 

1S!X1^E1 (21, 22)2| VGS2J S7H«(VtP;Vtn) E«OflA| * 2iD. ^, kE(nd21,nd22)2| Z}- S$| 
V21 , V22fe 

V21=VCC-Vtp (1) 
V2l=Vtn (2) 

s 4saD. 

3EI3, l h SflS &j||#(80r)2| ...EeHX|AEi(llO)EJ 7HQ\e t ^ V6S^ HIOIO)^ 

XHdjt|S¥ (802)2| fiqoil 2|tB gfllSO. 15}, PMOS MSAI^EI (1,3,5,7,9)21 VGS CH^f 

V6S=Vtp (3) 

M El 01, 

NMOS MS XI (2,4,6,8,10)21 V6S= Djef 
V6S=Vtn (4) 
S 3Q. 

01 : :7IA|:, 4^l : Vfe: : M?HXliEt(lib)2| 3ii Sltttfe 20101, VGS^h VtP,Vtr£l e^OIIAI ^XHEI^ 2 

£s §ra m;?Hxi^0(iio)2i as3j a-flgsife a^suioi/d 2jbiei= 2°^ eich iuiaw2i 

3E1U, .691 iWatlSOfl SKMe B9SSISI 5?HW HEh M?HX|^E1(1120)2| VGS7h H7II EICH OI01I 

HKii?E(a)2i Toii.iLiaa um 



X-||17E(a)2| =2 FOil UEFtf bF2f ^01 ^3?E|-^7F S7|| £!Q. E?i, 2=12^011 Qi«| H|B||^2 



g, »k S o| aw- mLfe gra^n^si asa°i 2is«g sehhqe ^tii*i- a&asisi mssfe a 

(HI SID. 

E?i, :^a?Eh^2J ^1 H^at|^KAhgEI3 SISOII CHtH ibia^M gCHAI^I^ 2011 

E.&70 SiCK (fliaCH, U^2SIS7| PSRAM2) 1= 1 EI^Ef^SSOl AFgEIH Si^S^l gzjfJQ. 
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tf^V 4--Slfe 'BJEH HSftKttl 3 ^SjOl SACK 
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'*s..S57j ;:s ; a!si.fei:=aHl*f«H8S= sjis^si ^421 ^§73*^73-21^ #71 ^21 ^wj^k s 

2| ^1 173ifi73-D 731273*^7321-21 AhOI (HI 2 Ea2J^^ 2WS7h 7hS SIO|M?HA|^E11 ^ 
Hligf ?S£S?tE #D f 

fefe : j^4itote^-ai^ft : a»s»3iia*f* aaaf2i ai-oiwi aps^i- ais ?$mg. g^s ^4= 

2| MSraiOl 1S173^E11 ^H|Sh2vO| -^-42| MSHIOI M?HA|iE12J 2^S #Hg^g£S^E-| S45EI 

=. aaas2i s^2?ioli 2jjfl jmmoi MgjAi^Eiej TiioiMa^ii aois^ s^^a?l grgasoi 21 
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2.1 01 SE d|2|SS 73*^AK)I1 CPU SSlS' 'S^'EIW. "^31 -SEBSHM 01*1 *2J ISI ?>s SE2J 
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XM mUM 5I1S S^EIEM, 4^1 SEBSKHI CHsllAI *2| igf ?>s SESI^ 73*^AHHI 2|*|A| 

e se2jss iMTitmMw ma 4= SID. ' 

Q?a #71 £E2|§g 7ie73tJtjSS SEBtKJII CH*H i§2J 73*^11 SXm= SEd|2JSS 73*^ 
iW2l 0| : £EH[2|S3 73*^011 CH«H SIS 2^E|D| #71 SEBSHHI CH?« *2| a IS 

E2|g^ TatfiW^ 01 SE UI2ISS 73i^7;KHI CHsll SliS S^EIDl, #71 SE^fKHI ZHM ^2| 
m&m Xi2SE2|gg Tat^WS ^SE|CH;SICHE #D. 
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asatspi sbwai mt\ 2ss>= 201 ?\ztm sp. 

^, JV&mWttH aaaSS] #£Oil CHoB W*W i§EJ sgoflAi SUSIES sj= 3j 

£s,. aaaaor^sHE nwi'oi±aa- aqasu a^aasoui *s= aw2i schs saomiai 
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a*i^7i7KSBa*w ami eidi a*, asaawai BflAiassi n^mmx asflSM spi ei 
a aa «3W4 oiatr aa£s*aE iuia^^i son siav * as 22s aa. 
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3asw Aiea alius sedu oiei asa^is a^. se?i a=aa?3w 

p. [ijefai, a^aass psRAwi ^gtis 2° §a n'rawei assure ssijsehsioii sichai 
asi2!-2zsc7is --jis : 2a)oiAi2i;asei*i'^i(Hi s&ai ssraassi aa^m^a again spi u 

SOT .SE3E30I HSOI aH2J- £U!0| SIWS B BfSM 2|» g°WS !fitlE2| Eli 

shw^iouai psRAiei assort sssies ggraassj sra^i&^a asir 4 Si^ss ±mas 

2| ^ 2ft EES £ SiJilSQ. 

oi*K oiiAiESi gzm a ■ arsoe roe layout saia astro. 

SUES Bir32| 1^A]0flCH] OB SttSaSSI 7IB 721 PSRAMaSOII S|S&tt&2S UEKS SOI 
O. 

a Esiw sitHAi idig. gratis Ba#dioi, 01 gratis Baboons aasoi uei= as as a*ii 
¥.(wi)2h sai fis^asi -ass ^esi GMossjHiEiass oi^oia awaas(io3)2i n cwisejbi 
aasej 2a*i* MsiXi^Eii woioiisfs nasi^ dioioi^as(io4), a cMos°!bHPas2i siasi 
^ MgHXi^Eii u>dio)ishs ! jga?i« uH3iojitis(io5)s =?timn sick 

102= '^aas Bit^(io)2j di-oicH±as(io4,io5)ej HK)ioi±ssrs aoi*fe ui-oioii moiasoin, 
aa;»w tiioioi^asr g^as(io6)£F jum^m HHJioiiagj- a^asoo?)a- uroioiiaer 
asas(io8)s ch^f ^tioi sick, uwioiiiasr aqas(io6.io7)s ^ na?i§ *iasi^ 
BK3ioiias(io4jo5)s:uroioij6aej-i z&bisis soid. umioi^asr £sasooB)s ^sis aa 
aacvcd-j'oiU SEdi cos> TimM^ mt^ Ommi^^B^ mm\g.(\os.wi)m\ omiy eimdi 
aaasf(VGG)si -mspw ^seies hhxi§hi, a -mraq evoi wa ^uioioi^aej- 
M^;as(iGEjp!?)2i s^a^s ^sFS 201 a. 

oj.s#sri ^soii umioi^asr 5§as(io8)2i asasrcvcnom ?eoii [&ef n 

amof^ia^^ .aj : " HMoiiaSNi oioi 2j«i aaagrtvccxw sith sra?»4=2i 
sias:^ si?ji^ljcj. 

EhgOU, 20GS 47H2I b>OmE|?1SE1 : (201)S OftOia ?l§EiaS, 202S ^?P3Q0|H, 01 IS 9 US 
a S;( 103)21 g^Oil CHti B?5lSA1 JlstfO-. 

^, :agaas(:i : 03)°i aerg . at BK3iua.?>sa(2oi)oi ^^i^sai s^eich ^ 

UhOI LH El ?1SE1 (201)2J mm ?hgE1f IS (200)21 t«£SA| B5P3Q (202)(HI 5013D. 
B?P3a(202)S 31SE1 as (200)2| tq*|7h #§M71 £19 17H2I m±M . EOE1A1 a^aa 

S(i03)7h' a ^l*IS ,§^AIS ^4=?H2| I^i [IliOm B?P3a(202)S¥P 17H2I 1^1- « 

^ei:s 5(hiai ai-a : as(ip3)2i sqB?7i oi^oi Tin aa. 

203t D1IEEI^:01 : aoi. 204= OlEai ?^E1, 205= tiCISQ, 206g &A|g^7|0|D1 OlMg 3=a*l 

7ist stitr psRAMasi aOjp. 

6i : E^?fiEi(204)= B?Q5Q ; (202)71 1JH2I liS i^W HHOO 3^ 9^aaS(101)S^E1 6^1 
7H42I 1^71- S^I iOIP 71 §01 El 01 IP StH (205)2121 ^gttll 2|5| °!3EIS!!S S^thQ. 
44. CHEa^ ?1Sa(2M)S B?PaQ(202)S^a2| 1TH2| IiO| 2JtH EJTcl ME* ?1gSS(UP)E|2 

3 ^s5i= *s pap (205)21 OiEai aaaa^(ao7)s^a2j i^on 215H 3ige sssjq. 

OlEa^ ?1SP(204)2| #^S tSPaP(205)(HIA1 LHSBHtKHI ?IS^P. 0| HHHLH2J 0|Eaia71 3a 

eis oiEaii aasi^(2o?)s.¥Et aaassAi 1JH21 i^^i s^sq. oi i^i oiEai^ 

?1SE1(204)CHI S^EI= 501IAI O)EEII^?1gE1(204)2| ?1^e jgaEIDI, 01201 *SP3P(205)2| 

maLHS2i aa, 2i¥(2o?)2i a^oia— g^oi sr«is£SAki tsoiEai^^i aaaasaci. 

miEdl O1B||O|(203)2! ?4Ea= t«P3P(205)2| mmoi ^a(»a)E|(M 21= OlESII^OII CH§S1= 

aoi 4^eies Eioisin, g?\ sasia's 2ioiAi2i ^pap (205)21 mmssi oiebi^ 
on §?i ei oi 2f pEa^2i $iEaoi ^i^eies EioisiP. cHEai^ aaaa^(207)£j mm^= 

yaOIE12!(208)l mM H:T\Sm\ (206)21 OILHOISaSSAI 

[ciei-ai, 2-ai ^71(206)= ?iEa2i □ aaoiAia&g w>n irsa a p. oissroi ^i eis 
ass S5HH 2i5i ^rtsoiEaioii chilis ion an tsnxioi ai 121 Eisaagaroi mms. 

m EI012IP. 

oi4 k £s^ei ss.tr bisi aoi 121 aEai^i?7i= s»aas(io3)2i 111^1 m?zt ?7ioii 
4ra*UL airaas(io3)2i na?n^oi site iseiaist moioi^aa 5§as(io8)oii sisa vccli 
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seou dd sits tis(io3)°i wa?n^ ^mtm saao. 

WEM1, SEH §irSi|£$J U2?I&$£ VCC7h £sSKG, iHISWl S7hA|?fH aXIS D21 

i>g aou ?ie!5fe ±dian2i s?n sjair ^ aD. 

atl^ §31 PSRAME20I E|=aaS5WI 12*]- miHEllSJ 2J£g0l 2i£°S §E21 

si°ia^ sain s«iai a»aassi Bra^n^s &i <as*m, 01201 an s^oiie 
i£f §r*iA$ iass ass na ±Hiam S3w?in axis, 012011 missis 4Hias2i 

£ SfXO^SMI SO-. 

H2Efe.HIE<H UEK2 HS?[ VCC2|£sgs Xlti MOSMaXliEIM W£$0\E D12| ?J|a|0| 

^SS LIEKS 201 01 OISK #71 ESOII LIDtJ! 2iCHA| gSSlXIS Sfttt HK» »0| SSas 

spoons fli ieeoTlheks 231 ssstss d^iais n gsa a^sKn uroioii aoias(io2) 

Oil.CHslAIS ggSlS 2£M tJEh 

R2SIM SiCHAj 23?l^ HIO|b|iatf.«liBfi(106)S HQm.±£X E^S PM0SMaXI^E1(24)M^ 

e dIoixidi, xiasii Hioiwiiaa *Bias<i07m Hots.±±a sqs NMosMaxi±Ei(25)£ a 

01 Sill, 2f MS! XI±E1 (24,25)°! ?!IO|Ma*i7|- Xia?l^ CHSsKrHlOIOI^ 

MSjXIiEK 1120)2): Tiioi Ea 91 ^ SD. 

droioii2ifis(io8)= 7ji^i»is(io9)aadia8wr4iais(iiO)sifEi zm ?«aoi aD. 

7l«3K»aiS(109)=- 312^9: 27H2) £§7asr±XK26.27)2|- 0I» S3 HS^I^WI ^IXlSfe 

731^(26)21 nasi soil 3 Eaisoi s^asxi §m^xK26)2i xia^is-on sws nmosm 



3!XI±0(32)M ^SaS 01 MS! 73 £E1 (32)21 E12EH011 2|*| XmiXK26,27)2J SjiflMJOISK 

%4 tiMs s*n mzm mm mttsm aoi aD. 5, Maxj4Ei(32) chi *ms a^i 




01 



s M&"^iw^5iM2i jmwt mm^ as ass2Kvcc)2i u}eu\q\o\± 
E&n±mTwi [mm., ±* ?£2i a?isi ■ <siraas(io3)2i ira?ni^2i 3*111* 
4 si>n so. 

or [oioi jWasr g-asis(iio)= aaasr(vec)2i &#oii dei Maxi±Ei(32)2i TooiM-dLta- a 

Sr(V6S)0l E|E3 3 ?il0IM3Slt 101S1= 2££, PMOS MaX|±E|(28,30)2> 

NMOSMaXI^F ~- 



iEi (29,31 )s n^aoi aD. 

0|# MaXliE|(2831)£ 2 3^52! EEfl°!-i^2.K)| aa-SX|2.HHIA| 5|10I 3E^ S^SCH „ 
H. na?l^°M^E1 RAICHS Ma!W^(a)iM&X|iE|(29).ManiH(30),eax|ia(31)2| £A1 
M HHxiaCH aEK 

eajSl^EI (28,31)21 7HO|S0fl£ S §# 32101 S0J73DI MfflXliEl (29,30)= ?1IO|M,i^1- 3^301 

53 □ wSa %k .iEs^Ef asa2i(vcc)2i s^a?i# irate* aoi sio. 

MS AI^EI (32)2| 711 01 M^ MaX|Ml(28)2| i^2|- Ma?3^E1(29)2| EeH2!^21 2^g2| &\7t 2l?\ 
SKH 

CM5IA1, B|5E^ aaa2|(VCC)Sh XllOiaSi ^atlM(110)2| #^aS2!21 37111 L!Eiyt 20ID1, 3I6E 

S akalwi^Ma^^^ s.^ii: uEm 201 wiW2B. 27)21 73^*1 Maxi 

iEI (2832)21 7li0jM#(«)/irai0|(L) HI t2| CISag 312) 7|5E2t X1I6E01I UEm *^0I §01X1 
E« S§aE>. 

^, ojTg MaXliEl (2831)21 W/LHIi= UE1LHS . DSffl 901 ,^^£1(28,31 pi 

3/ 000; eaXliEl 29,300 10/2:0IEh 012011 2|3« MaXI ^£1(29,30)21 i^D|E|2| S^kE2| a*l°! 

m£mm°\ sm uM mzz eem. oiia, Maxi^a(29)2i Eaisa^Kvus a 
sja2i(vec)2i o^eoui nmz Vcerei ?i#?iaEiE s^EM.Hia^^M ggzm nw, vcenai g 
StF ?i.S7is §1*4. e«t, MaxiiEK30)2i Eoi2!a?i(V2)^ asas«vcc)2i oveoiiAi si^qii 

Vceh21 7I15IMQE ^ei-SKHI bia«£M 4^#o12 3«, Vdenitt Stttf 7I»7|S ^#t!tK 

QgOfl, 16E01l ; aOlA1 ValS MaXliEi(32)2| i^a^lM ^Stfe 321012, V6S1S VI-ValCHI ^Stl 
g ^o#M E3MA1= E1M2K ^ 4s% L1EKH2: SID. 3X1, V12| a?ia2i VCC=0 ¥5 

W/dsTfer? 17^2*21 VcenHKO^I-XI S=E!tt7IS7l3SrS8HM 2|8| VCD1 OEM^EI SEaST 
VCCbOfl Eirg- till D1XI2I AIOI^ MaXliE1(32)l SA|5|£ §EM V6S10I SffiEIDI. 3 MEa^(VCCb) 

¥ a®§ VGS10I MaxiiEi(32)i^Ai?i£ §em »fiaxi an ^ ^ch^ssj #ehm sd. 
E axi^Ei(32m s£m aoi as m= vce7i ^14^ a^^i a?« am, 3 T^^xi^h ^ aoi 
lax Ze 'IS 21 awf l^x>(26)i xiDb uiaoi mm\ nsM 01 xh^xk26)2| e^oi ^tii 
an ^satfsts aa'21 s«xw yoso. e«:HM, Maxl^E^(32)7^ g£M aoi as aiokhi aoi 
a1 \5yiM%%m Maxi^Ei(32)2i r xi^pi i^m xi^xk26)(hi s^^i^lS^S 

SXI^flS SMSI XI*!*I71 tftfetCf. MaXl>:0(32) S! XI^±X1(26,27)S 01^21 ^^ D | 

xies ci?saoi 

oieh s^oi schxi= 5(hiai, aaa2i(vcooi an as oim ma- ^sxitj-tif 21 %n 

21 ess, ««i ^#011 2i3H g^atiM(io3)oii aoiAi Bioioii Maxi^Eioi20)2i i HmcHiaapi 4^ 
sr= r 2oi eiiiiaS . aazssr(vcc) 4^011 ds si ^a si s( 103)21 irasnKsi 4^1 ^siais 4 a 
711 sD. 
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0121 BSWH H.7ES-H2E0I UEKi! S ttS2| SS2I- Jll16E0il UEK3 §EH 9SS|S| SSSgf(VCC) 

4£0ii r&s io. isi schi tiwv g«t un uEjyi 2££ *t 9 irs^isi ^hisse 012011 a 21 
4?i esoii UEiyj tim aoi-asa-8Kvcc)#£M o>s s sraiis(io3)2i ira?]B$2i s^i ejm 

A|?|£ 2££ VCC7H g *0ilA1 4HI2H2I agg ESU 4 SICK C17LI, 10= m SI£2J E&7\± 
El (21)011 zl^ IIS B »S2| S|S2| Mffl 7\±E] (24)011 = 3gOIQ. 

stt, 5oi Aratrafc aoi e.fiiAioisi mm wiieou ueks psraici ei=hi=m tisaiofl aisass 

Ail Q^Q iHIS^^UCT SOWS 211 3*mH3. 

13E& VCC2J£12i £ft 7hS7a*i-t|S2J BVOOV 20ICF. 

S .£SW UEftfl. 7KS»*Jl|3(109r)£ S02EOH UEM 3H3*IVil3(109)(HI SIOIAI 
NtiSM9!X|£E|(32). CHdOl PMOS MSHA|±E1(32r)7|- flftEIDI, 3 7||0|3£ §22S| If4Sil3(110)2| 
V22| t^EKHl S=tE|3, ii-EEIS'S JWAJK^ZMHI S^EIOI SIQ. 

CN7IAI, 16E1 mztm Vi2£- M?HA|^E1(321')2| 4^391011 £fS«lfe S30IH V8S2S Va1-V2CHI # 

seo; w\ esouie V22i aaaar..vcc-o.#aoiiAi2j 23*1- ?ii;>iei- 3^21 vcenai- 

^Sltl 3>H3l£2| 1EHHI 2|5H, VCC7I 0£3#Ei SEaS" VCCbCHI Eyg." [iPI-A|2i AI-OI^ 
3S!A"I^Ei(32r)l . SAIS: .§53 . VGS27I: SfSSfOI, 3 fiE32J-(VCCb)l 229 VGS27I- 
MS7^E1(32i')l SAiH -353 S&EIJG 3iS 57CH ^42| gfHS SQ. 3?HA14:EK32r) 

7H"saa eis s*= Aiofe vcoi 5»4*« a ^si si 1311762 10/19 

#E7K 37J Elil, .3 ftfcte MSOI ilHWiEl (24)2| 731,^^(27) S *IU£ HISOI Sffl E| 

?l Ull^Ofl 4?l ^*J-iAK27)2| i^OI ^7«E|3 4§X1t, h tl3 2821 HtWW WOI-BD. 3 
8*|±EK3Zrph S£3E|3 2J= AhOICHI 2iCH VGC^h 3711 14^ 3SHA1^E1(32r)2| TEJ^^I^h 1E|- 

st r i^(27)oii a#?F sf?ii eich 4=g7atMi3 aasi jwbpf 4^§.«3. 
Ma'Xr*Et(32i :, .)S! 73t^A>(26,27)= ■ orgs* -as ^soi 2CHXIE! ciasoi gssa 

4912VSI M.^oi awAi: a.S:a^(VG(i)2i i§i, 4^oii2isi ggafis(io3)oii aoiAi 

tlKJIOi^ EaiAliirEK 1120)21 JflOlM, i^2| a^l^F 201 3*IIEI01, aSSWVCC) ^ 

on tens j ggraiiM2i #3^4=21 4^1 si*ai?i& as 4^1 jh2eoii ueha tisaF 11^ ^gs 
awp. 

fli4Ef -9tsva» ?rs 7matasa *qe mtivtmuEM aoicK 

4 V 7I ESOfl LIEla b^«*Kt|S(.109r)# SiiS^S 27H2I S|*^XK33,34)2h Oil ^1*^X1(33,34)^ 
Oil 3 Ea°i-±^.ai?£?F NM0SM?HAI^E1(35)S ^SEIOI 2iD. 01 MSJX|^E1(35)2| 711 01 M 

wi^ flioiaa ^tis(iio)2i M.«a° h oi ej^Eioi, aaa2i(vcc)oi 4^4^ awi- ^7ii 

EIE^ HIOIEIAM, 01 3# 12E(HliMEta SSfe O^Tfl: MSHA|^y(35)^ £331 d|E-S4^HS E|A| 

se* si oi ei 01 a 7atjxi2i e&toH--E&n2£n&m s^s a^i ^ashE^ eimsis 301a. 

QS'Ofi ..-JIBEt.BIEOI'.iaEKS .aS^F'.SE^SS 3°SA1 ^gE|^ S?2| aSM 5hoKM 

oiai^ 3 a on 4^1 E9(ni OEM Man^ ea^ciQi). s moioi^ sioia^(io2;fli2E. »ii6eoii 

UEHS S2KSii*> ^S)2| g^^(HI CHtH 3 SE^Sl nafl SXJ S3 ChAI S£§« SCI. 

2!7?|/ i MEH73^E1(24,25)b 5^5h S^OIIAI §Sftl3 2i£HS MSH^I^Ei (24)011 H=£ 3^(11)= 
I1=p 

24(V6S24-VTP24)2/2 (5) 

E*h, MSXJ^Ei(1;1. 13, 15. 17, 19)S 5^ gejOlAI §Sft|3 Si^ MLHXI^EIOfl aW(l05) 

ID5=p(V6S24-VTP)2/2 (6) 

DJEfAi. VTP24=VTP2! 01= (6)1 i(5)S'U»?6 2011 S|«i 

I05=(p/p24)0f II 

£5 El 01 ID5= 11011 HIEIIoF^ 21 W 4 2iCK ^,ID5EF I12fe 3£0IE12| STIIOfl °iEh 

□SOO, M?HXI>sE1(11. 13, 15, 17, 19)5 3^3 e^jq oi^ M?HA|^E10|| hSc 

a^(iD3)b 

ID3=-p {(V6S24-VTP)V0S-VDS2/2) (8) 

[C1EJ-AI, VTP24=VTP2J IBfe (8)1 (5)£ Lfr^ 2011 2|SH 

103= {(p7p24)V0S/(VDS24-VTP)-VDS2/ {2(V6S24-VTP)2} II (9) 

DI?iAi VSS24, VTPS SIloO. COEIAI, 103^ VDS21 I24S §3Ha bl ID3fe 124011 Uiaiofe 21 & 

01^ EaH^iiEl (25)21- ^X\±Ei(\2, 14, 16, 18, 20)212| S7II0II SiOIAlE UWym?l 21 WtiQ. 
[EfEI-AI, l^a5lS(103)LH0IIA1 M?HAI^E1(1~20)0II 2|3B figEI^ a^l^2| a^OII ldiaiol3 SiMl 
^ 4 2iCK 

Qin 9iras3(i03)2i ^a4ai4 m sasoousi a^oii uiaioi^ 2^s ^34114 (o^ ukiioi 
^ aoiss(io2)2i as(ii)oii maisi ^tj^f 52s 01m ssj-atis(i03)°i ^4^1 tg= 
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T6=1/f=K/l1£3 SttSQ. (10) 

0121 w\o\± m oi tis'( io2)2i thh R°i ^(iflUjsAi asms 

TG=cR+d (11) 

s i^aoi hioidi^ x-iioi*i£(io2)2] n^i xuoias- grasisoos)^ 

Sg73^t^(36)ah 4§73i^AK37)s»n gitiss^Q ?«aii siD. *m4XK36)ir mzm SiCH 

HttSS 37)4~HI9E(HI SiOlAI 3d!(R37)££ UEiy! d^h IT£SE71 SsUE AltKI71 S8(2? 10M!) 
a?a (R8a)£5 SCK 

13, QFE Aj*)iAT(36,37)t SIS 2t)AIU££^ 73*^ 2EH21 Qg^ aoi 

EI2 2J= SCI 

012:?= WAW97)2| JWKW SEM CHsH gtl&lXI &£SS 2E 531 ?>S H«teW36)°| SI 
1*171 Ofc SE 3J|'adrE-^iIK'37)b|,2|*|;aS§ mm 4= Sill kE(nd81,nd82) AK3I2I 
°l 4^= (37)011 2|*H □ *I&*I5 'HUSO. 

a EH SESgf 71EJ £K**| 734>iX© 0ISS!- 3S= SE01I CHoH §SaaiS(801 )2|£7I= 7) 
HJHI-AI, 0J3CH, #71 fISS E|22|*f5qi)| rgfilUHISEI E|H1*|2| ElOICHSAl OlSth 3? 

^si gam, 

0171/1. H12E= PSRAMEJ tlSgSj- MSliigOt !!££!• E|=M*I57I2| £E13°! S|^E*^2(TR0), 
PSRA& ^^&3i.^ljCj53^lHI, Uilj ?H**K23)1 73*^*1(36)3 a&(Bft)tt SITS 



#71 ESOfl OEia bffil &OI #S(TR0)2i: PSRAMiSJ SI^EE^SOfl CHttl §31 S| 3*214*571=. § E 

AIS fS°l ■■3^5*Ai2SS£ a EH gSSKEI S!2S£ 5301 XI SOI 14^ EQ. 01 #£3 21? 

I iHISKQ SIO. 

OI011 CHSB H116E01I UEK5 ^^^^^^J^^^^W^^^^^^^^^SJ^^ m[ 

901 SE01I nja ! a^5S#aoi-aa«! , -*fiS'i|gEi*i-?7ii ^alAIIJ 4 2JC1. 

II El Li; 01 7a^±A«36) 2?(^.73t>^A>(37)2f°l SifISS tlM A1S31AI S*g 2?) 
Mfe DM21 9S 201 SJI£!£3AI: : LiEFtmi. 

m 7\ . 73I12S2I ' ^^;crR1:)Sl^E1E = tfl-SF SOI ^E^l ^733 H^tl£2| HhOIOli 2!^ 

SI13E^ *m±*K36) ^Alg2| S°2| H10I01^3^(IB36). ^«7a^SIS(8a) A1S21 dKJIOJ 
i^W(IB8a), 1,^73^51 S (8b, 8c)A^E| 2^21 HWI0|^^(2!A^ IB8b*A^ IB8c)£| ^ 

3^(MI CHoH SE ChEftS 20IEI. 

aEw|(HIA|2J t|S§3}0| §^£S tS*Bj|= 7h2| 0j^7h SSEI^ 3J0IQ. 0|7|A|, 73*^AK36)9? 

airt k^aE^aoi skstis°i Hwloiias= iismsag ueuhe* oi^ se mmus. oih 

Sl« SlJ ^Etot' Eth i g2tfS(103)2| ^S5E^E 0I^2S 2=A| SMI SQ. 

t-j.il H1 1 PES SOI-71-Ai (TRO)^ S HEM S2fEE*S= SE01I &StllA| 01B g£M 2=CK 3 
BS'Of ■TOi3W9« r.^S S8 1^ 3 a°^^2f ^^(TR1)£g UEftfl El=ai4=l57| f 

l^fi^FcK m3^a(TRf)°)^lS7l7^1(TRP)2| fil^E 22§B EIE^I5?l7h 5 

Q. 

ilw 4 Sti Elm tflM fl»fe Ai^si e*. xiiiuigsi ?aai ee^ 4 2i?ii sq. 

qsqji B|8E(b)0H LIEKi! 7mWSfflS(Bb)= 4§73i,^AK38)E|- 4S73tJ-iAK39)a2| ?!itlSS^H 
Effll «CHAI ^(R38)°S UE^ »E1 901 £E71 SS4^ 73*^171 WOF73= 2E^S# i^H 
SnS ■ a|»as 20lS. 0|#£| A|*^AK38, 39)71 5|IS S4B£S«I 3 t^SIS" ^g0| 
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3eis, SBaas(io3)2| uwioiiass ii3E2j s&oboooi uekji hh& sroi cms se b?ioo 
aie oi ^ ss*i oms. m&Q. oim sm oih se b*ioiaie saoi£°s ss§ ibis^ 21 

IfXIlT 4 2AQ. OIIH, DW3S£(103)2| SIS^HteE CHS HgxlSQE ^1 El*! &E5 SO. 

18E(c)CHl UEhtf ?MXtm2.m= #71 7tgftftttl£(8a,8b)V 2tMZ! 2CHI #2t13, 3 
7H2) 4§S4teXK4042)§ ^d|§m 2lO. 73*>£XK40)SL|- S|4teXK41)2fe SIS 2^E|3, 3 SI 
ffl32K3B»±SK42W 313 EICH »Q. HIIEfe ^ JW±* 9! 3 2t. v tl£2| £E 

^SS. UEK« 21'OIQ. .3Wi»(«)= SE7I- £14^ WJWl ^OWH 51= HIIIEtHl UEttS 
2£ SE*«S £s 2££ 73*hiiXK36; 3r£ 38)011 CHgtffi 73*^7:1(41 m 73^x|?|- 2 
EOfl CH«ia§(2f 10M!m^£!(R41)2h ITS SESgS 3=^3 *ltW;XK42)= 73*^171- SEOfl qiq g 
S<Sf tN!)tf 3£!(R42)2h SEISi #42 SiQ. 

aaiaf irs »4^(4042)2i.siaa^ 8is*aisi sasi gsw^ hhem uE>y? ^a(R8c)a 
atii : 'sra««wi= : s£eoi- im eswm; atsoi ro&xwi), t^oi 73*^xk42)ei zj- 73t«cHi 21 
*! ,.asFfl= ass so. 

&7I 3KSaiittlS<BcjS|. 2?CHI£ ?m7a*miS(8a,8b)2| 43ft tlflAI £$HS 9ITSaS(103)S| dh 
0HHiSa«fe aiaE2|'.J».fl(IB86)£g UEKflHHJ IfOI, 01£ £Eg9|0|A|E filStt B2ILHS J9t?£l 

eh, 01m a»aars(io3)2i ira?7iE oih g?i LH21 zt£3 su«j-eu= a^ssa. 

^fe'SEiai.aft Htti*K36;38;40)SAIfe (HI2CH, SRAMQfl SiOUl Si^ 373tKHigh-R), 

a^-asw bbi«ei5 ^fHH-.E/mra* oiss^ beigeis mm tis^- 4= sick 



ShoflAf 71I0IM -MH & glEl= IHI^ 215^(144)01 ftjgEKl 21Q. 01 *EIAIEiaSK144)2| 
4S W43>«2| ±&0F aUW£.£A| 19^ SS' ai732M5f££ oi^OiS 0^3(145) 

§ 2Mt£g 3fe **20l Bftftfa, 3 ^EHCHlAi 1E1^EI55|(144)£S M£10l=(146)2| 
*§*H3. DIOII m 3V4E(b)#tM^ HEhaOl SEI^EI59{-(144)S M^ICHI 2JoH £13£3 EJHH- 

s e^¥M( 147)1- i^iei ESEiTq aste.gg aaasi 3ehs°j 3«wa(i48)£s 7^301, 

fi«fc'Fa. S§!MSm ^mWH a^(14A)CHl 2J5H i^S^ S3fe| S^l 



W5E^ .(W£A| 12E2J:7^73* f 5lS(l09)2FJ3l8E(C)£| : SE5JSS ^ 73*^1 S(8C)1 SttAIZ! 2? 
£J UBLH3 01 3? M2!?q^El(32)fe ^a^tlS(8C)0|| 2iCHA| S*^XK40,41)°J 

32jo|is gfSigi. Xt*^W40) if2j SWSOfl 3 ii-EEjaOl S^EId, 

^7a*^E(io9)°j ai£js^s 7a#sis(8C)2j ^E°j^se &^ai 212s a 01 sid. 

73*^ TathtHIK M?!XI^E1(32)(HI HiS ^711 14=^ 7f)t,^7J(40)2J e^0| m 

Ei(24,25)o)i am aaasrcvcGjsi ■■.saaiai- 's^toi; i^a m?hxi^ei (24,25)21 ^cH^a 

MiSffl^ ^QF73= 2£3 371:. ISOfl aST(V1)CHI 2J*| 3'SaB(VCC)OI M4=l 4=S»traS2| 73 

ttfi7f sehsie^ *Haa aaa^(VGC)2j ^sofl [ce ukjich^ m?h7;i^ei (1120)21 7iioiMa?i2i ^ 
iiwatis( 103)21 wssw^stee* eiwir 4= sid. es, swaasdoajsi tiroioi^a^= 

i;i3E2| ^.a(IB8c)0S LFE>tf U\Si &OI, 01 h SE S?|(HIA1E SSt!' HflUIS Slt^EICH, 01 HH 9V 

aasdp3)2i ^a?in-4E 01= S9iui2i ztas x-o&eis 212s sd. 

CQ-EU-Ad. B flAIOKW 218^ aSatlS2| H|0|CHia2S VCC S 2E2J C&& 7^^ h 

4^ 21711 SCJ. . 

Q^a ^71 ^A|(H12| SE21SS 7t£3«!3|££ Ojt 2E 4^73*^2| 2EtJ0| 2|^H «gE|3 2i73 
g¥ ?s 2S ||g ggoi- porSES ^SSffl 3 ?£igf OIS»fe 7S£S M 4E 2JQ. 

tfS Ba S 7^*121 2f S7I*!- ES2| aa^ss ga ^S2| Ololl soisftii W\ 9\tt 

B3'^l 7ls^! E3M EAIS «|AI'0fl0| 2|£S S7ltt OHJD. 

(^S2| 

oisf ^st}- hhJ ©oi .e irsoi swra. 3a?i#of7aa?i^2i umioi^a^ §^itiss»h asaaoiu 
se§2i ^gEa'oo eo-ej- 7(-g7atmisoiiAi aaa2j-2i g°r7i7i-§sEi3 si^i m^oii 3 7K 
a^wsi^ n*m etmi 21*1 s»asiss2i ui-oioi^as-i 01121 22011 lo-ei i^mm z% jys 
wi a 3, Brs?nw2i as2iS5oi se^si i^a7ii i§ir 4 2i3 ^aiaw 



SI SCHA1?|73 Sf3 S^atlSS «Sm= M?HXIiH2| S^EHS 3 5»0IAJ2J §^ 
EHS S73S13 H^aSIS2| ^a?i&42| ^#1 9tmr 4 2iD. 

oioii 2i5ii inraas! psramsj ie a ei = a 4=111 son aaasnw nn Ei=ai^i?7i 
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i\ Miasw spo a= ^m mm $ sin 01 sass^es ±uias2i §chi mv $ satii 2 
a. - 




a)oo-A)2i: Eiiai4=i?7ioii traw its sissj ira?w4=i gssm spi msu SEsaoi *soi 
21121 yais si tin g arsoi 21^ gsons ifltrEsi Ei=asi^7ioiiAi psramsj 
5 sgsft ssses gaasissi gra^n^i gs? ^ si£E5 ±msff2i i°m eest 4= x 

7I4=B2| CMOS °jmE1t|S(IVriV5)S 01^0)2: a^2flS(103)2f, #71 CMOS PJtHE1tl5(IV1 IV5)2| 2 
go|* E2j^ A E1 (j j ( |3 ; i5 ; i7 ( i9)g UfOIEHiS^ 33*1* bllO|Ot£5|5(104), 

bWIOliS^ 73391 = UtOIGH 




S|S(I07), ^§2J £3011 CKI- fflthohS 7h£Ali>S|5(8a8c, 109, 1091', 1091, 150)1 #7| 23 m 

Hhdipi^s^ tHffli^.^^flS^* : MTO4a^9^as(io7) era gztoii oissf qsch 2 




El 
Of 



iq^^OD 7|£*J- AKDIStHI A) £• 
21 HXI£5 §fe u h£ 

a&ni siiHAi, ^giaoi asaa(vcc)k! a» ^2£5 *^ essi 23115. 

(§S)fll4*HHI KQMJv UHDICH^Sf £8«S'tJ0B)e £5^71(33,34)21 §a kEOil 7HSfllW5a!X| 




iE+(35)Si 
515. 

mm 21EHAJ, 2a2jgg ;7^7at.>i|5(109, 1091 ' )£ sjlS^S 34=2| 4SHtMsXK26.27)2K 01 
4§7l|t^»(26,27:)i: Sftj°l iM^iXra 81 301 J. HE1I°J0| g^EISAI ^71 SHJ2I Ttii&Jl 

BSgHHI SiOiAi, Sialic 7^7^5(109; 1091')^ 3IS^S **£2| 4=§5t,^AK26,27)2K 01 
4^^i^K26,27)Sil AH3IM H EEfl?J-±±a 3W57I- 2^*! 

7te SI 01 5gH 73 AE|( 32 , 321 1 )5 21 «S£5 §>S tt£H 23115. 

8 

Si5tji 21CHAI, BIOli^^5lS(lli0)£ 2S?I= SS1F 732*1= 3aiF2| AJOIM 3H57I- ^2 *! 
SI 2^ **2| ft3«51a AI^Ei (2831)1 =?ti\tm , 2,^421 M^SIOl *&7\±ft (2B31)2J 2H 
5 vg'^£3£0 : !««£le 3a3&2| SaS9|(V1,V2)01l 2|*H 7^SI015?HAI±E1(32,32r)2| 
71|OI539ISIOl5^ SZ!B*IS4!il5(110)5 3HS SKr 23115. 

Simon sioiAi, sioiasr #^5i5(iio)= imzm saa- aa?is saara akdichi 3W57I- aim 3 
as a*s ttaawIa^iEi 2B3i)i ?hi«kq. 2*^21 5lhai^ei(2831)2| as 
s s^»£s^ei tt^l&ic a-aasrsi saa?i(vi,v2)oii 21*11 7*es»ioiMa*i±Ei(32.32r)2i 
7110153*11 »oiftfeszra*i ar«ias(iio)s ai ^225 ^esi 2^515. 

ifttHO 
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^□1 31 176 



mvai sioi ai, ngsaoi ssej 31 §g£g z\= mzn a 3 sis. 

8?6 11 



s^ir 12 

SMG*HHI 2101 AI, HMDIOi^ggJ 2SilS(108)£ SE5S0I Qg 4^*14,^(3642)21 £tJ£S 
OlSOtS : S£2|S8 ?ig*l*>II£(8<i8c, 150)011 2|*| §SEI£ SI ^S£S Sfe 2>E1 S«lil£. 

(2§)fll10*HHI SICS-AI, SSS|S« -7raS«aiS(»JB')fe SEB1HW CHoH ±§2| 734WI1 £ 

fKH rati ¥2j sgg 'fessi&a ?athixK36,40)3 7ss si ^g^s &s.n a^tis. 
(§?! 

EUI 

of «2| iSS ?^S ;: SE°ISS E4fcSiXK33)S ^9£S Sfe BE» 23SS. 

15 

srito 'skhal gssjsa ?m^vns.om= ssbshhi rati ±ssi atwig seui^i 

£2 *I4>±XK41)2|-, 01 2Ebl|2|SS 3WWJ5K41JOI CHtt SIS S^SEISAJ 4PI gESSKHI Q|«| £ 
21 HSl 5S JEII1SE2|SS,?3^XK4P) S!,QI SEtJ|2|2S fl»iXK41)M CH^H 2^513 
Al &?\ gsmim Qtfl ¥2| 4£&'3S 7ffl22E2|£* At*^AK42)S 51 Sfe 

ttsa a 3 as. 

■jarisiw smhal ^§^01 asj-asr a se°! 51 sh= sTEin asisis. 



or 



tog 



4d«*«*«U| 



S8 



ee 




I 



1 m ^ ^nir^ 7 <M 
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